Objective: To obtain Food and Drug Administration approval for the treatment of cognitive impairments associated with schizophrenia, a drug will need to demonstrate benefits beyond those that may be documented on objective cognitive tests. Interview-based measures of cognition such as the Cognitive Assessment Interview (CAI) are candidate coprimary outcome measures. Methods: Psychiatrically stable schizophrenia outpatients (n 5 150) were studied using the CAI to obtain information about cognitive functioning from both the patient and an informant. Patients also received objective assessments of neurocognition, functional capacity, functional outcome, and symptoms, at baseline and 1 month later. Results: The CAI had good internal consistency (Cronbach's alpha 5 .92) and good test-retest reliability (r 5 .83). The CAI was moderately correlated with objective neurocognitive test scores (r's 5 2.39 to 2.41) and moderately correlated with social functioning (r 5 2.38), work functioning (r 5 2.48), and overall functional outcome (r 5 2.49). The correlations of CAI scores with external validity indicators did not differ significantly by source of information (patient alone ratings were valid). Overall functional outcome correlated more strongly with patient CAI scores (r 5 2.50) than with objective neurocognitive test scores (r 5 .29) or functional capacity (r 5 .29). Conclusions: Field testing of the CAI produced reliable ratings of cognitive functioning that were correlated with functional outcome. Patient ratings alone yielded scores with reliability and validity values appropriate for use in clinical trials. The CAI appears to provide useful complementary information and possesses practical advantages for rating cognitive functioning including an interview-based method of administration, brief assessment time (15 min for the patient assessment), little or no practice effects, and ease of scoring.
Introduction
Evidence continues to accrue indicating that cognitive deficits are pronounced in schizophrenia and that those deficits impinge on a patient's quality of life and ability to function on a daily basis. Traditionally, objective tests have been used to assess cognition. But the assessment of cognitive functioning might benefit from nonperformance-based person-oriented assessments. Assessing cognitive functioning through interview-based methods is practical and might enable the examination of the impact of cognition on daily functioning. Interview-based measures of cognitive functioning are already in the second generation of development, following Food and Drug Administration (FDA) guidance on the development of methods for assessing patient reported outcomes. [1] [2] [3] The assessment protocol for the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) initiative included both of the first-generation instruments, the Schizophrenia Cognition Rating Scale (SCoRS) 2 and the Clinical Global Impression of Cognition in Schizophrenia (CGI-CogS). 4, 5 This enabled determination of whether these 2 relatively new ''parent'' measures could be combined to produce a shorter version. Using MATRICS data, modern psychometric methods such as item response theory (IRT) were used to develop a new 10-item measure, the Cognitive Assessment Interview (CAI). 3, 6 Information obtained from a patient and an informant is integrated into a final rating made by a trained CAI rater. So far, evaluation of the CAI's validity has been reported only as extracted from the parent measures in the MATRICS Initiative, where it showed moderate correlations with objective measures of cognition (MATRICS Consensus Cognitive Battery [MCCB] ; r = .32) and with functional outcome (Birchwood Social Functioning Scale; r = .32). 3 But the CAI still needed validation independent of the dataset from which the measure was created. Objective: To obtain Food and Drug Administration approval for the treatment of cognitive impairments associated with schizophrenia, a drug will need to demonstrate benefits beyond those that may be documented on objective cognitive tests. Interview-based measures of cognition such as the Cognitive Assessment Interview (CAI) are candidate coprimary outcome measures. Methods: Psychiatrically stable schizophrenia outpatients (n 5 150) were studied using the CAI to obtain information about cognitive functioning from both the patient and an informant. Patients also received objective assessments of neurocognition, functional capacity, functional outcome, and symptoms, at baseline and 1 month later. 
Evidence continues to accrue indicating that cognitive deficits are pronounced in schizophrenia and that those deficits impinge on a patient's quality of life and ability to function on a daily basis. Traditionally, objective tests have been used to assess cognition. But the assessment of cognitive functioning might benefit from nonperformance-based person-oriented assessments. Assessing cognitive functioning through interview-based methods is practical and might enable the examination of the impact of cognition on daily functioning. Interview-based measures of cognitive functioning are already in the second generation of development, following Food and Drug Administration (FDA) guidance on the development of methods for assessing patient reported outcomes. [1] [2] [3] The assessment protocol for the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) initiative included both of the first-generation instruments, the Schizophrenia Cognition Rating Scale (SCoRS) 2 and the Clinical Global Impression of Cognition in Schizophrenia (CGI-CogS). 4, 5 This enabled determination of whether these 2 relatively new ''parent'' measures could be combined to produce a shorter version. Using MATRICS data, modern psychometric methods such as item response theory (IRT) were used to develop a new 10-item measure, the Cognitive Assessment Interview (CAI). 3, 6 Information obtained from a patient and an informant is integrated into a final rating made by a trained CAI rater. So far, evaluation of the CAI's validity has been reported only as extracted from the parent measures in the MATRICS Initiative, where it showed moderate correlations with objective measures of cognition (MATRICS Consensus Cognitive Battery [MCCB] ; r = .32) and with functional outcome (Birchwood Social Functioning Scale; r = .32). 3 But the CAI still needed validation independent of the dataset from which the measure was created. Representatives from the FDA have taken the position that for a cognitive-enhancing drug to be approved for the treatment of schizophrenia, improvement must be observed in both objective cognitive performance and another functionally meaningful endpoint referred to as a ''coprimary'' outcome. 4, 7 The original intent of requiring a coprimary endpoint was to help protect the public from possible claims that testing of a new cognitive agent might result in statistically significant but clinically insignificant changes in the patient's real-world functioning. In the MATRICS-Validation of Intermediate Measures (VIM) 7 study, the University of California, San Diego (UCSD) Performance-based Skills Assessment (UPSA) 8 and the Test of Adaptive Behavior in Schizophrenia (TABS) 9 were regarded as strong coprimary endpoints because they demonstrated robust correlations (r's = .67 and .61, respectively) with the MCCB. 10 However, like the MCCB, the UPSA and TABS are performance-based measures of cognition, but with the added feature of including some aspects of 'real-world' relevance, such as questions on how to read a bus map. Unsurprisingly, these measures behave psychometrically very much like any other cognitive tests. Interestingly, multivariate analyses found that neurocognitive performance added little to the prediction of realworld functioning when functional capacity measures were considered. 11, 12 Also worth recognizing is that other studies have found that the UPSA and TABS do not consistently correlate more strongly with real-world outcomes or quality of life than do objective measures of cognition. 4, 7 These varied findings regarding the relationship between objective neurocognitive assessments and functional capacity measures with outcome provides a rationale for considering whether interview-based measures of cognition might provide unique additional information as coprimary endpoints.
The relationship between interview-based measures of cognition and relevant constructs in schizophrenia, eg, neurocognition, has been examined. The correlation between the SCoRS and cognitive functioning varied from medium (r = À. 26) 13 to high (r = À.54).
2 Data from the MATRICS-Psychometrics and Standardization Study (PASS) 4 indicate that the correlation between the CAI and neurocognition was as strong as the correlation between neurocognition and the ''parent'' instruments (SCoRS and CGI-CogS). 3 In fact, multivariate results using the MATRICS-PASS data suggest that the prototype of the CAI had a stronger relationship with real-world functional outcomes than did an objective test of neurocognition (MCCB) or a functional capacity measure (UPSA). 3 This raises the possibility that the CAI, which like most measures of functional outcome uses an interview-based data collection format and has rating anchors explicitly linked to real world functioning, might be capturing more directly the relations between cognition and other aspects of daily functioning. Previous research has shown that a patient's self-report alone of cognitive functioning is not well correlated with objective measures of cognitive functioning, so a clinically trained assessor might be needed to make reliable ratings using interview-based measures. [14] [15] [16] [17] Furthermore, the role played by insight into cognition for interview-based assessments has not been well examined, leaving open the question of whether interview-based methods require patient insight. Additionally, very little is known about what influence caregiver burden has on informant reports about the patient's cognitive functioning. Each of these is an important issue to address if the field of interviewbased assessments is to advance and potentially crucial for understanding the real-world impact of possible treatments for cognitive impairments.
The aim of the current study was to field test the CAI to further evaluate: (1) the psychometric characteristics (internal consistency, test-retest reliability, and utility as a repeated measure), (2) the validity of the CAI, ie, correlation with cognitive performance, functional capacity, functional outcome, and symptoms, and (3) practicality and tolerability (need for informants and time of administration).
Methods

Subjects
The sample was comprised 150 clinically stable schizophrenia outpatients who were recruited from 3 University of California, Los Angeles (UCLA)-affiliated psychiatric facilities: the UCLA Department of Psychiatry, the Department of Psychiatry at the West Los Angeles Veterans Affairs Hospital, and the Los Angeles County San Fernando Mental Health Center. Clinical and demographic characteristics were typical for a sample of outpatients with schizophrenia (table 1). Many of the patients were current participants in other UCLAaffiliated research projects that involved a thorough diagnostic assessment. For patients who were not currently participating in research, the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition 18 was administered by trained raters to establish a diagnosis. 19 
Procedures
Diagnostic and psychiatric history data were collected during the first visit to determine study eligibility. Objective tests of neurocognition and functional capacity as well as interview-based assessments of cognition, symptoms, insight into cognition, caregiver burden, and functional outcome were administered at baseline and 1 month later. To ensure independence of the assessments, the study team included at least 2 assessors. One assessor determined study eligibility, collected demographic information, and administered the neurocognitive and functional capacity assessments. A separate
clinical assessor who was uninformed about the objective test results administered the CAI, symptom rating scales, and functional outcome measures. Institutional Review Board (IRB) approval was obtained prior to data collection for all subjects.
Cognitive Assessment Interview
The CAI was derived from 2 ''parent'' interview-based instruments, the CGI-CogS and the SCoRS (for a complete description, see Ventura et al 3 and Reise et al 6 ). As determined by psychometric methods used in the development phase, the CAI includes 10 items that assess 6 of the 7 MATRICS cognitive domains: verbal learning, working memory, reasoning and problem solving, speed of processing, attention/vigilance, and social cognition. The CAI was administered to the patient as well as an informant, who was required to know the patient well enough to comment on cognitive functioning (for demographic information, see table 1). The ratings from those assessments were then integrated into a final CAI rater score. CAI items were rated on a 7-point scale with defined anchor points referenced to healthy people of a similar educational and sociocultural background. Higher scores reflect worse cognitive deficits that impact everyday functioning. The mean score for the 10 items was the dependent measure in this study.
Training and Quality Assurance for the CAI
Training on the CAI was provided to raters that had experience with semistructured psychiatric interviews or symptom rating scales. The training was conducted by the study Principal Investigator (J.V.) using didactic material about cognitive deficits, videotaped CAI assessments with accompanying ''gold standard'' ratings, and included the corating of ''live'' CAI assessments. Raters were required to meet a minimum standard of intraclass correlation coefficient (ICC) = .80 across all items and all assessments. Once certified, the raters were entered into a quality assurance program (for a description, see Ventura et al 10 which has now been well described, 21 For study analyses that involved multiple variables, pairwise analyses were performed and so the number of subjects might be lower than n = 150. All symptom domains were in the mild range and typically below clinically significant levels, range: 1-7.
finance, communication, transportation, and household management. Subjects were also administered the Medication Management Ability Assessment 22 as part of the UPSA-2 assessment. This assessment involves role-play tasks that are simulations of situations that the person may encounter in the community. The dependent variable was the total score. Higher scores indicate better performance.
Symptom Assessment Ratings
Symptom assessments which were conducted by trained raters included the Brief Psychiatric Rating Scale (BPRS) 23 and were clustered into 4 symptom domains 24, 25 : Reality distortion (hallucinations and delusions), disorganization (conceptual disorganization, bizarre behavior, and mannerisms and posturing), negative symptoms (blunted affect, motor retardation, and emotional withdrawal), and depression-anxiety (anxiety, depression, and guilt). Higher ratings reflect a greater severity of symptoms.
Measurement of Functional Outcome, Insight into Cognition, and Perceived Family Burden
UCLA Social Attainment Survey. The UCLA Social Attainment Survey (SAS) is an interview-based measure containing seven 5-point anchored ratings on different components of social functioning, with higher scores reflecting better functioning. 26 The domains covered include number and closeness of same-sex peer relationships, emotional involvement in opposite-sex peer relationships, leadership in same-sex relationships, dating and sexual history, initiation of recreational and social activities, and participation in organizations or social clubs. A ''Social Functioning'' factor was created by factor analysis using the patient sample data and then taking the mean of the factor score which included the following items: Same-Sex Peer Relationships, Leadership in SameSex Peer Relationships, and Initiation of Recreational and Social Activities.
Strauss-Carpenter Level of Functioning Scale. The Level of Functioning Scale is an interview-based measure containing 9 items that measure psychosocial, occupational, and symptom adjustment in psychiatric populations. 27, 28 The scale assesses the frequency and quality of social contacts, quantity and quality of useful work, independent living, symptom severity, fullness of life, extent of recent psychiatric hospitalizations, and overall level of functioning. The items are rated using 4-point anchored scale, with higher scores reflecting better functioning. A ''Work Functioning'' score was created by taking the mean of the quantity and quality of useful work items. An ''Overall Functioning'' score was created by taking the mean of all items except symptom severity.
The Subjective Scale to Investigate Cognition in Schizophrenia. The Subjective Scale to Investigate Cognition in Schizophrenia (SSTICS) is a 21-item self-report questionnaire aimed at exploring cognitive complaints and difficulties that patients could experience in everyday life. 29 The questions address cognitive dimensions that have been reported to be impaired in schizophrenia. The total score was the dependent variable. Higher scores reflect greater unawareness of cognitive deficits.
Perceived Family Burden Scale. The Perceived Family Burden Scale (PFBS) was designed to assess the impact of patient behaviors on relatives. 30 This interview-based scale was administered to informants only and consists of 24 items which are each rated for the presence or absence of a behavior associated with schizophrenia. These items are also rated for the extent to which the behavior is distressing to the relative. When the informant was a professional, the measure was completed based on interviews and clinical knowledge of constructs assessed by the PFBS. The total score was the dependent variable of interest in the current study. Higher scores reflect a greater degree of family burden.
Results
Patient and Informant Sample Characteristics
A total of 175 participants with schizophrenia completed a patient CAI assessment. Of those cases, 25 (14%) did not have an accompanying CAI informant assessment. Of the resulting 150 patients, a total of 4 (2.7%) participants were missing either an MCCB or a UPSA, leaving a total of 146 participants with a complete CAI, MCCB, and UPSA. There were no statistically significant differences in the mean CAI patient scores with or without an informant (M = 2.99 and M = 2.77, respectively; P < .20). Those 146 cases were subjected to pairwise correlational analyses. A total of 136 subjects returned for 4-week follow-up assessments. Subjects were comparable to other samples of schizophrenia patients in clinical trials in age and symptom severity 4,31 and were clinically stable over the course of the study; the mean BPRS score was 2.00 (SD = 0.56) at baseline and 1.99 (SD = 0.55) at 1 month (t = 0.45, df = 123, P = .65). The mean MCCB composite score at baseline was 29.2 (SD = 12.5), indicating that the sample was very comparable to the MATRICS-VIM study sample (M = 27.9, SD = 11.4). 7 At baseline, the mean CAI administration time was 15.7 minutes for the patient assessment and 15.2 minutes for the informant assessment, for a total administration time of 30.9 minutes.
Reliability of the CAI
The internal consistency and test-retest reliability of the CAI were good to excellent. The 10 individual CAI rater scores correlated highly with the total CAI score (r's range from .66 to .81), as did the patient, informant, and rater total ratings (table 2). Good internal consistency was found for the baseline CAI patient, informant, and rater scores (Cronbach's a's range from .87 to .92; table 3). Test-retest reliability for the CAI using data collected at baseline and at the 1-month follow-up point was excellent (ICC's range from .79 to .84; table 3). The magnitude of the differences (Cohen's d) from baseline to the 1-month assessment was very small, indicating little or no practice effects for the patient (d = À0.11), informant (d = À0.07), and CAI rater score (d = À0.07; table 3).
Validity of the CAI
The correlations between the mean patient, informant, and CAI rater scores were very high and comparable to our previous studies (table 4) . The correlations indicated that the mean patient score and mean rater score were highly correlated (r = .86), as were the mean informant and mean rater score (r = .91). Although the mean patient and mean informant ratings had a slightly lower correlation (r = .70), the Rater score did not appear to gain a great deal of additional information from the availability of nonredundant informant input. Therefore, although the interviewer tended to be somewhat influenced by the informant, a CAI rater could conduct a valid assessment with the patient information alone (table 4) .
An important consideration for evaluating the concurrent validity of coprimary measures is the degree to which they correlate with cognitive performance, functional capacity, and functional outcome but not with psychiatric symptoms. Correlations between the mean CAI scores and the composite MCCB score were in the expected direction and moderate (table 5). The CAI was modestly correlated with the UPSA total score (table 5) . Interestingly, there were no differences between the CAI patient and CAI informant rating in relationship to the MCCB (z = 0.30, P > .75) or the UPSA (z = 0.83, P > .40). Consistent with previous studies, the MCCB composite score (M = 29.5, SD = 12.9) was found to be highly correlated with the UPSA total score (M = 84.3, SD = 16.2; r = .68). In addition, the CAI was moderately to highly correlated with social functioning, work functioning, and overall functional outcome (table 5) . The patient CAI ratings were more highly correlated with overall functional outcome than was the MCCB (z = 1.99, P < .05) and the UPSA (z = 1.99, P < .05). Regarding divergent validity, the correlations between the CAI and symptom ratings were comparable to the correlations between the CAI and the MCCB and UPSA, except for positive symptoms, which were somewhat higher (table 5) . 32, 33 Correlations Between the CAI, Patient Insight into Cognition, and Caregiver Burden
The CAI ratings were moderately correlated with the patient's insight into his or her cognitive deficits as measured by the SSTICS, with higher correlations found for the patient and rater as compared with the informant (table 5) . Also, there were modest to moderate correlations between the CAI and caregiver burden as measured by the PFBS. These correlations were higher when considering the informant's score (table 5) .
Discussion
The CAI is a semi-structured interview-based measure of cognitive functioning derived using modern statistics, eg, IRT, from 2 instruments, the CGI-CogS and the SCoRS. 3, 6 In this study, consistent with our previous findings, 3 the CAI had good psychometric properties including excellent internal consistency, high item-to-scale correlations, and excellent test-retest reliability, with little or no practice effects. CAI scores were moderately correlated with objective measures of neurocognition and with functional outcomes. Indeed, the CAI was statistically more strongly related to functional outcome than the MCCB or the UPSA even though the latter test was designed to measure functional capacity and thus was putatively more closely linked to functional outcomes. Consistent with our previous findings, the CAI patient-only ratings were as reliable and valid as ratings that included an informant. Using patient-only information, raters can thus derive a valid and reliable score on the CAI in about 15 minutes. Given the CAI's high reliability and low practice effects, the CAI seems ideally suited for repeated assessments in research settings including in clinical trials. The CAI is a brief measure but not at the expense of a weaker correlation with neurocognition or functional outcome. The CAI meets most criteria to be recommended for use as a coprimary measure in clinical trials that aim to evaluate cognition-enhancing drugs or procognitive interventions in schizophrenia patients. 4, 34 Several potential coprimary measures for the MCCB were evaluated in the MATIRCS-VIM study including the UPSA, TABS, and the CAI. Ultimately, the UPSA and the TABS met the criterion of being correlated well with objective neurocognition and were selected. 7 The Committee's decision not to endorse the CAI was because of the low correlation with neurocognition (r = .23). However, the UPSA has been moderately to highly and consistently correlated with the MCCB in previous studies, eg, r = .67 7, 11, 12, 35, 36 as well as in the current study (r = .68). This calls into question whether the UPSA or the TABS really provides a separate coprimary end point because of the amount of overlap in these types of assessments with cognition. The VIM committee decided to recommend rather than require the UPSA and the TABS, leaving room to explore interview-based measures such as the CAI or the SCoRS as another option. In fact, the SCoRS was found more responsive to antipsychotic treatment than the MCCB, indicating the promise for sensitivity to intervention of interview-based measures. 37 Perhaps the development of nonperformancebased measures of cognitive functioning should include the relationship to functional outcome? Interestingly, in the VIM study, the CAI was just as strongly correlated with the functional outcome as was the UPSA and the TABS (r = .27, r = .25, and r = 23, respectively). Compared with our previous study, 3 field testing shows stronger relationships between the current version of the CAI (r's = À.38 to À.49) as compared with the CAI that was embedded in 2 original instruments (r's = À.27 to À.32). Interview-based measures might measure valuable yet different information from neurocognitive testing and functional capacity assessments. However, as we have stated previously, despite the advantages of the CAI, this method of rating cognitive functioning is not meant to be a substitute for objective cognitive testing.
As a coprimary measure, the CAI has the potential for evaluating whether a cognitive-based intervention or a drug improves the daily lives of people with schizophrenia. The correlation with insight indicates that, most likely, patients who have some insight into their cognitive deficits are more likely to be able to report how cognitive deficits influence their functioning. This underscores a basic staple of interview-based measures, ie, the rater cannot rely on patient self-report only, but should instead use all available information. This includes observations of the patient's behavior and an expert judgment of the patient's report of cognitive functioning. The current study supports the notion that CAI ratings might be more valid when patients have insight into their cognitive deficits. Because not all patients have insight, raters might benefit from some clinical rater training in evaluating a patient's report of his or her cognitive functioning. We found that CAI informant ratings were correlated with the degree of caregiver burden as assessed by the PFBS. This suggests the CAI is capturing whether the patient's level of real-world functioning is burdensome to family members.
Although this study has several strengths, there are limitations, several of which have already been discussed. 3 The study was conducted by the team who developed the CAI. The results might differ in settings were the CAI is administered by outside research groups. The fact that the CAI correlates moderately with functional outcomes might to some extent be because both the CAI and measures of functional outcome use an interview-based approach to collect data, and functional domains are part of the CAI's anchors. However, both types of assessment require evaluation by the interviewer about the accuracy of the information collected from the patient. Patients whose poor functioning is not related to poor cognition were not rated as impaired on the CAI. Also, this sample might not be fully representative of the United States as a whole. Finally, a practical limitation is that the study was not a treatment trial and was not designed to assess the sensitivity of the CAI to change in the context of ''actual'' cognitive change or improvement.
For the future, we need to continue improving the method of interviewing patients about their cognitive functioning if we want to rely on patient-only assessments. Raters should be aware that informants might have a perspective that is different from the patient's, even if an informant is ultimately not assessed when interviewing patients. Rating cognition on the CAI requires the use of ''expert'' judgment and should not rely on the patient's self-report alone because many patients lack insight into their cognitive deficits. 38, 39 Future work should examine whether patient-reported functional outcome might show reduced reliability and validity in patients with very poor cognitive functioning. Also, more needs to be understood regarding how symptoms, cognition, and daily functioning overlap to clarify the underlying construct measured with interview-based assessments. A critical future direction for the CAI includes determining empirically whether this instrument is sensitive to clinically meaningful cognitive change in response to a pharmacologic or cognitively oriented nonpharmacological intervention.
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